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COMPOSITIONS, METHODS OF USE, AND
METHODS OF TREATMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the 35 U.S.C. §371 national stage of
PCT application PCT/US2011/33574, filed Apr. 22, 2011,
which claims priority to and the benefit of U.S. Provisional
Application No. 61/327,321, filed Apr. 23, 2010, both of
which are hereby incorporated by reference in their entirety.

FEDERAL SPONSORSHIP

This invention was made with Government support under
Contract/Grant No. ROIGM57481, awarded by the National
Institutes of Health. The Government has certain rights in this
invention.

BACKGROUND

The armamentarium of pharmacotherapeutics includes
agonists (receptor activators), and antagonists (inhibitors of
receptor activation). However, many drugs fall in between
these two categories and are classified as partial agonists. In
therapeutic applications, a partial agonist can act as a sort of
activity buffer for naturally occurring strong agonists, pro-
viding receptor stimulation if the natural activator is low or
absent, and diminishing the effects of a natural strong activa-
tor if the strong activator’s concentrations are high.

Partial agonists may also be used to buffer the effects of
drugs of abuse; an area of current interest for the development
of partial agonist therapies is for the treatment of nicotine
addiction and dependence. A new drug in this area is the
cytisine-related compound, varenicline (®Chantix). Vareni-
cline is a weak partial agonist for nicotinic acetylcholine
receptor (nAChR) subtypes in the brain that contain o4 and
2 subunits, which have been shown in animal studies to be
essential for nicotine to stimulate the brain’s neurochemical
reward systems. However, varenicline will also further
decrease the function of a7 receptors in neuropsychiatric
patients. Reports of suicide and worsened depressions in
patients taking varenicline has led the FDA to issue a black
box warning on the drug. Thus, using varenicline by itself is
not a satisfactory solution for many individuals suffering
from nicotine dependence. Consequently, other solutions are
desirable.

SUMMARY

Briefly described, embodiments of this disclosure, among
others, include compositions, pharmaceutical compositions,
methods of treating nicotine dependence, methods of treating
a subject who smokes and has a risk for depression or other
neuropsychiatric disorder, method of treating a subject who
smokes and has a risk for depression or other neuropsychiat-
ric disorders, and the like.

One exemplary composition, among others, includes: a
a7-selective partial agonist and a 42 partial agonist or a
salt of one or both of the a7-selective partial agonist and the
a4p2 partial agonist.

One exemplary pharmaceutical composition, among oth-
ers, includes: a therapeutically effective amount of each of a
a7-selective partial agonist and a a4f2 partial agonist, or a
pharmaceutically acceptable salt of one or both of the a7-se-
lective partial agonist and the a4f2 partial agonist, and a
pharmaceutically acceptable carrier.
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One exemplary method of treating nicotine dependence,
among others, includes: delivering to a subject in need
thereof, a pharmaceutical composition, wherein the pharma-
ceutical composition includes a therapeutically effective
amount of each of a a7-selective partial agonist and a o432
partial agonist, or a pharmaceutically acceptable salt of one or
both of the a7-selective partial agonist and the a4p2 partial
agonist, and a pharmaceutically acceptable carrier.

One exemplary method of treating nicotine dependence,
among others, includes: delivering to a subject in need
thereof, a therapeutically effective amount of both a a7-se-
lective partial agonist and a 42 partial agonist or a phar-
maceutically acceptable salt of one or both of the a.7-selective
partial agonist and the a2 partial agonist.

One exemplary method of treating a subject who smokes
and has a risk for depression or other neuropsychiatric disor-
der, among others, includes: delivering to a subject in need
thereof, a pharmaceutical composition, wherein the pharma-
ceutical composition includes a therapeutically effective
amount of each of a a7-selective partial agonist and a o432
partial agonist, or a pharmaceutically acceptable salt of one or
both of the a7-selective partial agonist and the a4p2 partial
agonist, and a pharmaceutically acceptable carrier.

Other compositions, methods, features, and advantages of
this disclosure will be or become apparent to one with skill in
the art upon examination of the following drawings and
detailed description. It is intended that all such additional
compositions, methods, features, and advantages be included
within this description, be within the scope of this disclosure,
and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the disclosure can be better understood
with reference to the following drawings. The components in
the drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the
present disclosure. Moreover, in the drawings, like reference
numerals designate corresponding parts throughout the sev-
eral views.

FIG. 1.11llustrates the effects of bath applications of partial
agonists on Ach-evoked responses of nAChR expressed in
Xenopus oocytes. The left most plot shows the effect of long-
term application of GTS-21 (1 nM to 30 uM) on a7 (net
charge responses). Responses were inhibited at concentra-
tions greater than 300 nM, and potentiated at concentrations
<30 nM. The two plots on the right show the effects of
bath-applied nicotine (1 nM to 1 uM) on the Ach-evoked
responses of HSai4(2)p2(3) and LSa4(3)p2(2) receptors. LS
receptors appear less sensitive to low and intermediate con-
centrations of nicotine than HS receptors.

FIG. 1.2 illustrates the effects of 30 minute bath applica-
tions of GTS-21 or varenicline on the ACh-evoked responses
of human a7 or a4p2 nAChR. The data are the average of
responses obtained 30, 35 and 40 minutes after the addition of
the experimental partial agonists to the bath. The a7 data are
measurement of net charge, the data on the two forms of 432
are for peak current amplitude. Data are expressed relative to
the amplitude of ACh controls obtained 2 and 7 minutes
before the start of the bath applications Indicated by the gray
lines in the plots.

FIG. 2.1 illustrates a model applied to the activation of
nAChR by simultaneous co-applications of the full agonist
“a” and a partial agonist “p”. The terms are defined as follows:
[a], concentration of ACh; concentration of the partial ago-
nist, (either S 24795 or cytisine in FIG. 2.2A or 2.2B, respec-
tively); [a+p], the sum of the concentrations; n,, the Hill
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coeflicient for ACh agonist activity; n,,, the Hill coefficient for
partial agonist activity; R, . », the maximal agonist activity
for the partial agonist relative to ACh; ECs,,, the EC;, for
ACh; ECy,,, the ECs, for the partial agonist; In,,,,,», the
maximal inhibitory activity of the partial agonist; 1C;,,, the
1C,, forthe inhibitory effects of the partial agonist; n,, the Hill
coefficient for inhibition by the partial agonist. The I, . of the
full agonist is assigned avalue of 1. The first and second terms
of the equation represent the activation produced by the full
agonist and partial agonists, respectively, scaled by their
potencies and weighted by receptor availability. The third
term allows noncompetitive effects of the partial agonist. If
such noncompetitive activity is inhibitory, then n, is assigned
a negative value.

FIG. 2.2 illustrates the experimental (points) and predicted
(lines) data for full and partial agonist interactions. FIG. 2.2A
illustrates the observed experimental data for the net charge
responses of a7-expressing cells to the co-applications of
ACh and S 24795 across a range of concentrations are com-
pared to the responses predicted by the model at the same
concentrations. For clarity of presentation, half of the data
representing responses obtained in progressively increasing
concentration of'S 24795 are shown in the left panel (from 0.1
uMto 1 mM, by factors of ten), while the other half of the data
set are shown in the right panel (from 0.3 pM to 300 uM, by
factors of ten). FIG. 2.2B illustrates the experimental data for
the peak current responses of cells expressing the a4(3)p2(2)
form of @42 to co-applications of ACh and cytisine across a
range of concentrations are compared to the responses pre-
dicted by the model at the same concentrations. For clarity of
presentation, half of the data representing responses obtained
in progressively increasing concentration of cytisine are
shown in the left panel (from 0.1 uM to 1 mM, by factors of
ten), while the other half of the data set are shown in the right
panel (from 0.3 uM to 300 uM, by factors of ten). For an
alternative presentation of these data as pseudo 3-D plots go
to the on-line supplemental data.

FIG. 2.3 illustrates the effects of bath-applied nicotine on
the ACh-evoked responses of 04p2 and o7 nAChR. Pure
populations of a4(3)p2(2) and a4(2)p2(3) nAChR were
obtained by co-expressing the 2-6-a4 concatamer with
monomeric a4 or 2, respectively. After measuring two base-
line ACh-evoked responses, the a4p2 partial agonists were
added to the bath solution, and the cells were repeatedly
probed for their ACh responses. The ranges of nicotine con-
centrations tested were 1 nM to 3 uM and 0.3 nM to 3 uM for
a4(3)p2(2) and a4(2)p2(3), respectively, and 1 nM to 10 uM
for a7. All points represent an average of at least four oocytes
(£SEM) for each condition. The summary at the last displays
the average of the last three responses in the upper graphs,
plotted as functions of the bath concentrations applied.

FIG. 2.4 illustrates the effects of bath-applied cytisine and
varenicline on the ACh-evoked responses of a4p2 and a7
nAChR. Pure populations of a4(3)p2(2) and a4(2)p2(3)
nAChR were obtained by co-expressing the f2-6-a4 concata-
mer (Zhou et al., 2003) with monomeric a4 or 2, respec-
tively. After measuring two baseline ACh-evoked responses,
the 042 partial agonists were added to the bath solution, and
the cells were repeatedly probed for their ACh responses at
223 s (a7) or 277 s (non-a.7) intervals. The ranges of cytisine
concentrations tested were: 0.03 nM to 3 uM for both 4(3)
p2(2) and a4(2)p2(3), and 1 nM to 1 uM for 7. The ranges
of varenicline concentrations tested were 1 nM to 19 uM and
0.01 nM to 3 uM for a4(3)p2(2) and a4(2)p2(3), respec-
tively, and 1 nM to 10 uM for 7. All points represent an
average of at least four oocytes (+SEM) for each condition.
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The summaries at the bottom display the average of the last
three responses in the upper graphs, plotted as functions of the
bath concentrations applied.

FIG. 2.5 illustrates a summary of effects obtained with
a4p205 nAChR. Pure populations a4f2a5 nAChR were
obtained by co-expressing the (2-6-a4 concatamer with
monomeric a5 (Kuryatov et al.,, 2008). Bath application
experiments were conducted as described for the a4(2)$2(3)
and a4(3)p2(2) receptors (FIGS. 2.4 & 2.5). This summary
shows the average of the three responses obtained after nico-
tine or the cytisine-related compounds were in the bath for
30+4 minutes.

FIG. 2.6 illustrates effects of mecamylamine on steady-
state baseline current of a4p2a5 receptors stimulated by
bath-applied varenicline. FIG. 2.6 A illustrates the prior to the
addition of varenicline to the bath, application of 3 uM ACh
(black bar) produced a large transient current, as illustrated by
the representative response. FIG. 2.6B illustrates the bath
application of 1 puM varenicline (gray bar) stimulated a
response that appeared as a sustained shift in baseline current.
The presence of 1 uM varenicline in the bath also had the
effects of suppressing the transient response to an application
of 3 uM ACh (black bar). FIG. 2.6C illustrates that after 30
minutes of continuous varenicline bath application, the base-
line current remained elevated and ACh-evoked responses
were suppressed. FIG. 2.6D illustrates that after 30 minutes of
continuous varenicline bath application, 100 uM mecamy-
lamine was applied (open bar), which reduced the baseline
current to the original control level, indicating that the base-
line shift was caused by steady-state activation of c4p2a5
nAChR.

FIG. 2.7 illustrates the effects of bupropion on the ACh-
evoked responses of nAChR. FIG. 2.7 A shows bupropion was
co-applied with ACh and the evoked responses were calcu-
lated relative to the responses to ACh applied alone. FIG. 2.7B
illustrates the effects of bath-applied Bupropion on the ACh-
evoked responses of 42 and a7 nAChR. Pure populations
of 04(3)p2(2) and 04(2)p2(3) and c4p2a5 nAChR were
obtained by co-expressing the 2-6-0.4 concatamer (Zhou et
al., 2003) with monomeric a4, 2, or a5, respectively. After
measuring two baseline ACh-evoked responses, bupropion
was added to the bath solution, and the cells were repeatedly
probed for their ACh responses. The plot displays the average
of three responses obtained after bupropion had been in the
bath for 30 minutes, plotted as functions of the bath concen-
trations applied. All points represent an average of at least
four oocytes (+SEM) for each condition.

FIG. 2.8 is a summary of the effects of bath-applied 3-pyr-
Cyt on 04(3)p2(2) and a4(2)p2(3) and a7 nAChR. Bath
application experiments were conducted as described for
cytisine, varenicline, and nicotine. This summary shows the
average of the three responses obtained after 3-pyr-Cyt was in
the bath for 30+4 minutes.

FIG. 2.9 illustrates the effects of bath-applied GTS-21 on
the ACh-evoked responses of a4p2 and o7 nAChR. Pure
populations of a4(3)p2(2) and a4(2)p2(3) nAChR were
obtained by co-expressing the 2-6-0.4 concatamer (Zhou et
al., 2003) with monomeric a4 or 2, respectively. After mea-
suring two baseline ACh-evoked responses, the a7-selective
partial agonist was added to the bath solution, and the cells
were repeatedly probed for their ACh responses. The ranges
of GTS-21 concentrations tested were 1 nM to 30 uM and 1
nM to 10 uM for a4(3)p2(2) and a4(2)p2(3), respectively,
and 1 nM to 30 uM for a7. All points represent an average of
at least four oocytes (xSEM) for each condition. The sum-
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mary at the bottom displays the average of the last three
responses in the upper graphs, plotted as functions of the bath
concentrations applied.

FIG. 2.10 illustrates the effects of bath-applied S 24795 on
the ACh-evoked responses of 04p2 and o7 nAChR. Pure
populations of a4(3)p2(2) and a4(2)p2(3) nAChR were
obtained by co-expressing the $2-6-0.4 concatamer (Zhou et
al., 2003) with monomeric a4 or 2, respectively. After mea-
suring two baseline ACh-evoked responses, the a7-selective
partial agonist was added to the bath solution, and the cells
were repeatedly probed for their ACh responses. The ranges
of' S 24795 concentrations tested were 1 nM to 100 uM for
a4(3)p2(2) and 04(2)p2(3), and 1 nM to 30 uM for 7. All
points represent an average of at least four oocytes (SEM)
for each condition. The summary at the bottom displays the
average of the last three responses in the upper graphs, plotted
as functions of the bath concentrations applied.

DETAILED DESCRIPTION

This disclosure is not limited to particular embodiments
described, and as such may, of course, vary. The terminology
used herein serves the purpose of describing particular
embodiments only, and is not intended to be limiting, since
the scope of the present disclosure will be limited only by the
appended claims.

Where a range of values is provided, each intervening
value, to the tenth of the unit of the lower limit unless the
context clearly dictates otherwise, between the upper and
lower limit of that range and any other stated or intervening
value in that stated range, is encompassed within the disclo-
sure. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges and are also
encompassed within the disclosure, subject to any specifi-
cally excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the
disclosure.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments described
and illustrated herein has discrete components and features
which may be readily separated from or combined with the
features of any of the other several embodiments without
departing from the scope or spirit of the present disclosure.
Any recited method may be carried out in the order of events
recited or in any other order that is logically possible.

Embodiments of the present disclosure will employ, unless
otherwise indicated, techniques of medicine, organic chem-
istry, biochemistry, molecular biology, pharmacology, and
the like, which are within the skill of the art. Such techniques
are explained fully in the literature.

Each of the applications and patents cited in this text, as
well as each document or reference cited in each of the appli-
cations and patents (including during the prosecution of each
issued patent; “application cited documents™), and each of the
PCT and foreign applications or patents corresponding to
and/or claiming priority from any of these applications and
patents, and each of the documents cited or referenced in each
of the application cited documents, are hereby expressly
incorporated herein by reference. Further, documents or ref-
erences cited in this text, in a Reference List before the
claims, or in the text itself; and each of these documents or
references (“herein cited references™), as well as each docu-
ment or reference cited in each of the herein-cited references
(including any manufacturer’s specifications, instructions,
etc.) are hereby expressly incorporated herein by reference.
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Prior to describing the various embodiments, the following
definitions are provided and should be used unless otherwise
indicated.

Definitions:

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art of molecular biology,
medicinal chemistry, and/or organic chemistry. Although
methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the
present disclosure, suitable methods and materials are
described herein.

As used in the specification and the appended claims, the
singular forms “a,” “an,” and “the” may include plural refer-
ents unless the context clearly dictates otherwise. Thus, for
example, reference to “a support” includes a plurality of
supports. In this specification and in the claims that follow,
reference will be made to a number of terms that shall be
defined to have the following meanings unless a contrary
intention is apparent.

The term “unit dosage form,” as used herein, refers to
physically discrete units suitable as unitary dosages for
human and/or animal subjects, each unit containing a prede-
termined quantity of a compound (e.g., compositions or phar-
maceutical compositions, as described herein) calculated in
an amount sufficient to produce the desired effect in associa-
tion with a pharmaceutically acceptable diluent, carrier or
vehicle. The specifications for unit dosage forms depend on
the particular compound employed, the route and frequency
of'administration, and the effect to be achieved, and the phar-
macodynamics associated with each compound in the host.

A “pharmaceutically acceptable excipient,” “pharmaceuti-
cally acceptable diluent,” “pharmaceutically acceptable car-
rier,” or “pharmaceutically acceptable adjuvant” means an
excipient, diluent, carrier, and/or adjuvant that are useful in
preparing a pharmaceutical composition that are generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable, and include an excipient, diluent, carrier, and adju-
vant that are acceptable for veterinary use and/or human
pharmaceutical use. “A pharmaceutically acceptable excipi-
ent, diluent, carrier and/or adjuvant” as used in the specifica-
tion and claims includes one and more such excipients, dilu-
ents, carriers, and adjuvants.

As used herein, a “pharmaceutical composition” is meant
to encompass a composition or pharmaceutical composition
suitable for administration to a subject, such as a mammal,
especially a human. In general a “pharmaceutical composi-
tion” is sterile, and preferably free of contaminants that are
capable of eliciting an undesirable response within the sub-
ject (e.g., the compound(s) in the pharmaceutical composi-
tion is pharmaceutical grade). Pharmaceutical compositions
can be designed for administration to subjects or patients in
need thereof via a number of different routes of administra-
tion including oral, intravenous, buccal, rectal, parenteral,
intraperitoneal, intradermal, intracheal, intramuscular, sub-
cutaneous, inhalational and the like.

The term “therapeutically effective amount” as used herein
refers to that amount of an embodiment of the composition or
pharmaceutical composition being administered that will
relieve to some extent one or more of the symptoms of the
disease, i.e., infection, being treated, and/or that amount that
will prevent, to some extent, one or more of the symptoms of
the disease, i.e., infection, that the host being treated has or is
at risk of developing.

“Pharmaceutically acceptable salt” refers to those salts that
retain the biological effectiveness and optionally other prop-
erties of the free bases and that are obtained by reaction with
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inorganic or organic acids such as hydrochloric acid, hydro-
bromic acid, sulfuric acid, nitric acid, phosphoric acid, meth-
anesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid, malic acid, maleic acid, succinic acid, tartaric
acid, citric acid, and the like.

In the event that embodiments of the disclosed compounds
in the composition or pharmaceutical composition form salts,
these salts are within the scope of the present disclosure.
Reference to a compound used in the composition or phar-
maceutical composition of any of the formulas herein is
understood to include reference to salts thereof, unless oth-
erwise indicated. The term “salt(s)”, as employed herein,
denotes acidic and/or basic salts formed with inorganic and/or
organic acids and bases. In addition, when a compound con-
tains both a basic moiety and an acidic moiety, zwitterions
(“inner salts”) may be formed and are included within the
term “salt(s)” as used herein. Pharmaceutically acceptable
(e.g., non-toxic, physiologically acceptable) salts are pre-
ferred, although other salts are also useful, e.g., in isolation or
purification steps which may be employed during prepara-
tion. Salts of the compounds of'a composition may be formed,
for example, by reacting the compound with an amount of
acid or base, such as an equivalent amount, in a medium such
as one in which the salt precipitates or in an aqueous medium
followed by lyophilization.

Embodiments of the compounds of the composition or
pharmaceutical composition of the present disclosure that
contain a basic moiety may form salts with a variety of
organic and inorganic acids. Exemplary acid addition salts
include acetates (such as those formed with acetic acid or
trihaloacetic acid, for example, trifluoroacetic acid), adipates,
alginates, ascorbates, aspartates, benzoates, benzene-
sulfonates, bisulfates, borates, butyrates, citrates, camphor-
ates, camphorsulfonates, cyclopentanepropionates, diglu-
conates, dodecylsulfates, ethanesulfonates, fumarates,
glucoheptanoates, glycerophosphates, hemisulfates, hep-
tanoates, hexanoates, hydrochlorides (formed with hydro-
chloric acid), hydrobromides (formed with hydrogen bro-
mide), hydroiodides, 2-hydroxyethanesulfonates, lactates,
maleates (formed with maleic acid), methanesulfonates
(formed with methanesulfonic acid), 2-naphthalene-
sulfonates, nicotinates, nitrates, oxalates, pectinates, persul-
fates, 3-phenylpropionates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates (such as those
formed with sulfuric acid), sulfonates (such as those men-
tioned herein), tartrates, thiocyanates, toluenesulfonates such
as tosylates, undecanoates, and the like.

Embodiments of the compounds of the composition or
pharmaceutical composition of the present disclosure that
contain an acidic moiety may form salts with a variety of
organic and inorganic bases. Exemplary basic salts include
ammonium salts, alkali metal salts such as sodium, lithium,
and potassium salts, alkaline earth metal salts such as calcium
and magnesium salts, salts with organic bases (for example,
organic amines) such as benzathines, dicyclohexylamines,
hydrabamines (formed with N,N-bis(dehydroabietyl)ethyl-
enediamine), N-methyl-D-glucamines, N-methyl-D-glucam-
ides, t-butyl amines, and salts with amino acids such as argi-
nine, lysine, and the like.

Basic nitrogen-containing groups may be quaternized with
agents such as lower alkyl halides (e.g., methyl, ethyl, propyl,
and butyl chlorides, bromides and iodides), dialkyl sulfates
(e.g., dimethyl, diethyl, dibutyl, and diamyl sulfates), long
chain halides (e.g., decyl, lauryl, myristyl and stearyl chlo-
rides, bromides and iodides), aralkyl halides (e.g., benzyl and
phenethyl bromides), and others.
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Solvates of the compounds of the composition or pharma-
ceutical composition of the present disclosure are also con-
templated herein.

To the extent that the disclosed the compounds of the
composition or pharmaceutical composition of the present
disclosure, and salts thereof, may exist in their tautomeric
form, all such tautomeric forms are contemplated herein as
part of the present disclosure.

All stereoisomers of the compounds of the composition or
pharmaceutical composition of the present disclosure, such
as those that may exist due to asymmetric carbons on the
various substituents, including enantiomeric forms (which
may exist even in the absence of asymmetric carbons) and
diastereomeric forms, are contemplated within the scope of
this disclosure. Individual stereoisomers of the compounds of
the disclosure may, for example, be substantially free of other
isomers, or may be admixed, for example, as racemates or
with all other, or other selected, stereoisomers. The stereo-
genic centers of the compounds of the present disclosure can
have the S or R configuration as defined by the [UPAC 1974
Recommendations.

The term “prodrug” refers to an inactive precursor of the
compounds of the composition or pharmaceutical composi-
tion of the present disclosure that is converted into a biologi-
cally active form in vivo. Prodrugs are often useful because,
in some situations, they may be easier to administer than the
parent compound. They may, for instance, be bioavailable by
oral administration whereas the parent compound is not. The
prodrug may also have improved solubility in pharmaceutical
compositions over the parent drug. A prodrug may be con-
verted into the parent drug by various mechanisms, including
enzymatic processes and metabolic hydrolysis. Harper, N. J.
(1962). Drug Latentiation in Jucker, ed. Progress in Drug
Research, 4:221-294; Morozowich et al. (1977). Application
of Physical Organic Principles to Prodrug Design in E. B.
Roche ed. Design of Biopharmaceutical Properties through
Prodrugs and Analogs, APhA; Acad. Pharm. Sci.; E. B.
Roche, ed. (1977). Bioreversible Carriers in Drug in Drug
Design, Theory and Application, APhA; H. Bundgaard, ed.
(1985) Design of Prodrugs, Elsevier; Wang et al. (1999) Pro-
drug approaches to the improved delivery of peptide drug,
Curr. Pharm. Design. 5(4):265-287; Pauletti et al. (1997).
Improvement in peptide bioavailability: Peptidomimetics
and Prodrug Strategies, Adv. Drug. Delivery Rev. 27:235-
256; Mizen et al. (1998). The Use of Esters as Prodrugs for
Oral Delivery of 13-Lactam antibiotics, Pharm. Biotech. 11,:
345-365; Gaignault et al. (1996). Designing Prodrugs and
Bioprecursors 1. Carrier Prodrugs, Pract. Med. Chem. 671-
696; M. Asgharnejad (2000). Improving Oral Drug Transport
Via Prodrugs, in G. L. Amidon, P. 1. Lee and E. M. Topp, Eds.,
Transport Processes in Pharmaceutical Systems, Marcell
Dekker, p. 185-218; Balant et al. (1990) Prodrugs for the
improvement of drug absorption via different routes of
administration, Eur. J. Drug Metab. Pharmacokinet., 15(2):
143-53; Balimane and Sinko (1999). Involvement of multiple
transporters in the oral absorption of nucleoside analogues,
Adv. Drug Delivery Rev., 39(1-3):183-209; Browne (1997).
Fosphenyloin (Cerebyx), Clin. Neuropharmacol. 20(1): 1-12;
Bundgaard (1979). Bioreversible derivatization of drugs—
principle and applicability to improve the therapeutic effects
of'drugs, Arch. Pharm. Chemi. 86(1): 1-39; H. Bundgaard, ed.
(1985) Design of Prodrugs, New York: Elsevier; Fleisher et al.
(1996). Improved oral drug delivery: solubility limitations
overcome by the use of prodrugs, Adv. Drug Delivery Rev.
19(2): 115-130; Fleisher et al. (1985). Design of prodrugs for
improved gastrointestinal absorption by intestinal enzyme
targeting, Methods Enzymol. 112: 360-81; Farquhar D, et al.
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(1983). Biologically Reversible Phosphate-Protective
Groups, J. Pharm. Sci., 72(3): 324-325; Han, H. K. et al.
(2000). Targeted prodrug design to optimize drug delivery,
AAPS PharmSci., 2(1): E6; Sadzuka Y. (2000). Effective
prodrug liposome and conversion to active metabolite, Curr.
Drug Metab., 1(1):31-48; D. M. Lambert (2000) Rationale
and applications of lipids as prodrug carriers, Eur. J. Pharm.
Sci., 11 Suppl 2:S15-27; Wang, W. et al. (1999) Prodrug
approaches to the improved delivery of peptide drugs. Curr.
Pharm. Des., 5(4):265-87.

The term “administration” refers to introducing an agent of
the present disclosure into a host. One preferred route of
administration of the agents is oral administration. Another
preferred route is intravenous administration. However, any
route of administration, such as topical, subcutaneous, peri-
toneal, intraarterial, inhalation, vaginal, rectal, nasal, intro-
duction into the cerebrospinal fluid, or instillation into body
compartments can be used.

As used herein, “treat”, “treatment”, “treating”, and the
like refer to acting upon a tumor, a disease or a disorder with
an agent to affect the disease or disorder by improving or
altering it. The improvement or alteration may include an
improvement in symptoms or an alteration in the physiologic
pathways associated with the tumor, disease, or disorder.
“Treatment,” as used herein, covers one or more treatments of
a tumor or a disease in a host (e.g., a mammal, typically a
human or non-human animal of veterinary interest), and
includes: (a) reducing the risk of occurrence of the disease in
a subject determined to be predisposed to the tumor or disease
but not yet diagnosed with it (b) impeding the development of
the tumor or disease, and/or (c) relieving the tumor disease,
e.g., causing regression of the tumor or disease and/or reliev-
ing one or more disease symptoms.

As used herein, the terms “prophylactically treat” or “pro-
phylactically treating” refers completely or partially prevent-
ing (e.g., about 50% or more, about 60% or more, about 70%
or more, about 80% or more, about 90% or more, about 95%
or more, or about 99% or more) a tumor, a disease, or a
symptom thereof and/or may be therapeutic in terms of a
partial or complete cure for a tumor, a disease, and/or adverse
effect attributable to the disease.

As used herein, the term “host,” “subject,” “patient,” or
“organism” includes humans and mammals (e.g., mice, rats,
pigs, cats, dogs, and horses). Typical hosts to which com-
pounds of the present disclosure may be administered will be
mammals, particularly primates, especially humans. For vet-
erinary applications, a wide variety of subjects will be suit-
able, e.g., livestock such as cattle, sheep, goats, cows, swine,
and the like; poultry such as chickens, ducks, geese, turkeys,
and the like; and domesticated animals particularly pets such
as dogs and cats. For diagnostic or research applications, a
wide variety of mammals will be suitable subjects, including
rodents (e.g., mice, rats, hamsters), rabbits, primates, and
swine such as inbred pigs and the like. The term “living host”
refers to a host noted above or another organism that is alive.
The term “living host” refers to the entire host or organism
and notjusta part excised (e.g., aliver or other organ) from the
living host.

Discussion:

The present disclosure provides compositions, pharmaceu-
tical compositions, methods of treatment of nicotine depen-
dence (smoking), methods of treatment using compositions
or pharmaceutical compositions, and the like. Embodiments
of the present disclosure can include treatment of nicotine
dependence using the combination of a a.7-selective partial
agonist (e.g., 3-(2,4-dimethoxybenzylidene)anabaseine
(DiMeOBA) (GTS-21), which has been approved for human
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studies)) and a a4 2 partial agonist (e.g., varenicline, which
approved to treat nicotine dependence). The a.7-selective par-
tial agonist and the a4p2 partial agonist could be separately
delivered (e.g., separate compositions) or can be delivered in
combination in a composition or pharmaceutical composi-
tion. An advantage of the combination of the a7-selective
partial agonist and the a4p2 partial agonist is that it provides
synergistic effects that lesson depression while improving
compliance for smoking cessation in subjects at risk for
depression or other neuropsychiatric disorders. Additional
details are described in the Examples.

Nicotine binds to two primary types of nicotinic acetylcho-
line receptors (nAChR) in the brain. One type, a4p2*, is
associated with addiction and dependence. The other type, a7
is not associated with nicotine addiction in normal individu-
als, but has been shown to be decreased under stressful con-
ditions and to have diminished function in neuropsychiatric
populations. Smoking is more common in people with
depression and other neuropsychiatric conditions than in the
general population. It is believed that for these individuals,
smoking is driven by a desire to self-medicate through the
stimulation of the diminished a7 receptors, as well as by the
changes in a4p2* receptors normally associated with nico-
tine dependence.

As mentioned above, the most recently developed
approach for helping people quit smoking has been to use a
drug (varenicline/Chantix®) which is a weak stimulator of
the a4p2* receptors. Varenicline (7,8,9,10-tetrahydro-6,10-
methano-6H-pryazino (2,3-h)(3) benzazepine) is believed to
partially replace and otherwise suppress the rewarding effects
of nicotine mediated by a4p2* receptors. However, vareni-
cline has disadvantages for neuropsychiatric patients and
there are reports of suicide and worsened depressions in
patients taking varenicline. Thus, using varenicline by itselfis
not a satisfactory solution for many individuals suffering
from nicotine dependence.

It has been shown that DiMeOBA (GTS-21) is a selective
partial activator of a7 receptors. GTS-21 is an approved drug
for human studies and is currently in clinical trials for schizo-
phrenia. Embodiments of the present disclosure contemplate
that GTS-21, or a comparable a7-selective partial agonist,
would be efficacious as an adjunct therapy to varenicline (or
comparable a4p2 partial agonist), to lessen depression and
improve compliance for smoking cessation in a patient popu-
lation at high risk for depression or other neuropsychiatric
disorders. As described herein, this is supported by showing
that at low concentration, bath applications of GTS-21 (or
potentially other weak «7-selective partial agonists) can
potentiate the ACh-evoked responses of a7 nAChR and
would synergize with a4f2 partial agonists to decrease the
function of c4p2* nAChR. Thus, in contrast to using vareni-
cline alone, embodiments of the present disclosure provide an
alternative for treating nicotine dependence that overcomes
the deficiencies of varenicline alone. Additional details are
described in the Examples.

In an embodiment, the a7-selective partial agonist can
include nicotinic agonists or a salt thereof (e.g., a pharmaceu-
tically acceptable thereof). In an embodiment, the a.7-selec-
tive partial agonist can include compounds such as quinuclid-
ines, tropan-like compounds, cytisine-like compounds,
nicotine-like, anabaseines, pyrrolidines, piperidines, linear
amines, and azobicyclics, or any pharmaceutical acceptable
salt of any of these, including any polymorph or any prodrug
thereof, or any pharmaceutically acceptable salt of such a
prodrug. Exemplar compounds include those described in
Horenstein et al., Molecular Pharmacology, 74(6):1496-511
(See, circled compounds in FIG. 1 of this paper), which is
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incorporated herein by reference, or any pharmaceutical
acceptable salt thereof, including any polymorph or any pro-
drug thereof, or any pharmaceutically acceptable salt of such
aprodrug. In an embodiment, the c.7-selective partial agonist
can include those described in U.S. Pat. Nos. 5,516,785 and
6,630,491, each of which is incorporated by reference. In
particular, the a7-selective partial agonist is GTS-21 or any
pharmaceutical acceptable salt thereof, including any poly-
morph or any prodrug thereof, or any pharmaceutically
acceptable salt of such prodrug, which is described in these
patents.

In an embodiment, the 42 partial agonist can include
nicotinic agents or a salt thereof (e.g., a pharmaceutically
acceptable thereof). In an embodiment, the 42 partial ago-
nist can include compounds such as varenicline (7,8,9,10-
tetrahydro-6,10-methano-6H-pyrazino  (2,3-h)(3) benza-
zepine) or other cytisine derivatives including 3-(pyridine-3'-
yD-cytisine (3-pyr-Cyt), (See, Mineur et al., Journal of
Pharmacology and Experimental Therapeutics, 329(1):377-
86, which is incorporated here by reference), or any pharma-
ceutical acceptable salt of any of these, including any poly-
morph or any prodrug thereof, or any pharmaceutically
acceptable salt of such a prodrug. In an embodiment, the
a4p2 partial agonist can include compounds described in
U.S. Pat. Nos. 6,410,550, 6,890,927, and 7,265,119, each of
which is incorporated by reference. In particular, the a4f2
partial agonist is varenicline, or any pharmaceutical accept-
able salt thereof, including any polymorph or any prodrug
thereof, or any pharmaceutically acceptable salt of such pro-
drug. Varenicline and other possible a4 32 partial agonist may
be described in U.S. Pat. Nos. 6,410,550, 6,890,927, and
7,265,119. A preferred salt of varenicline is varenicline tar-
trate. Synthesis of varenicline tartrate is disclosed in WO
99/35131, U.S. Pat. No. 6,410,550, Patent Application Nos.
1997070245, 2002072524, 2002072525, 2002111350, and
2002132824, each of which is incorporated herein by refer-
ence.

Methods of Use

Embodiments of this disclosure include methods of treat-
ing nicotine dependence using compositions and pharmaceu-
tical compositions described herein. As noted above, the
a7-selective partial agonist (e.g., DiMeOBA (GTS-21)) and
the 0432 partial agonist (e.g., varenicline) can be included in
a single composition or in separate compositions. In an
embodiment including separate compositions, the compo-
nents can be given simultaneously or a different times, but are
both administered in a time frame to realize the benefits of the
using both partial agonists. Additional details are provided in
the Examples.

It should be noted that the therapeutically effective amount
to result in uptake of a7-selective partial agonist and the 432
partial agonist, in combination or separately, into the host will
depend upon a variety of factors, including for example, the
age, body weight, general health, sex, and diet of the host; the
time of administration; the route of administration; the rate of
excretion of the specific compound employed; the duration of
the treatment; the existence of other drugs used in combina-
tion or coincidental with the specific composition employed;
and like factors well known in the medical arts.

Kits

The present disclosure also provides packaged composi-
tions or pharmaceutical compositions comprising a pharma-
ceutically acceptable carrier and the a.7-selective partial ago-
nist (e.g., DIMeOBA (GTS-21)) and the a4p2 partial agonist
(e.g., varenicline) of the disclosure for use in treating nicotine
dependence. Other packaged compositions or pharmaceuti-
cal compositions provided by the present disclosure further
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include indicia including at least one of: instructions for using
the composition to treat nicotine dependence. The kit can
further include appropriate buffers and reagents known in the
art for administering various combinations of the components
listed above to the host.

Pharmaceutical Formulations and Routes of Administration

Embodiments of the present disclosure include the a7-se-
lective partial agonist (e.g., DiMeOBA (GTS-21)) and the
a4p2 partial agonist (e.g., varenicline), in combination or
separately, identified herein and formulated with one or more
pharmaceutically acceptable excipients, diluents, carriers
and/or adjuvants. In addition, embodiments of the present
disclosure include the a.7-selective partial agonist (e.g., DiM-
eOBA (GTS-21)) and the a4p2 partial agonist (e.g., vareni-
cline), in combination or separately, formulated with one or
more pharmaceutically acceptable auxiliary substances. In
particular, the a.7-selective partial agonist (e.g., DiMeOBA
(GTS-21)) and the a4p2 partial agonist (e.g., varenicline), in
combination or separately, can be formulated with one or
more pharmaceutically acceptable excipients, diluents, carri-
ers, and/or adjuvants to provide an embodiment of a compo-
sition of the present disclosure.

A wide variety of pharmaceutically acceptable excipients
are known in the art. Pharmaceutically acceptable excipients
have been amply described in a variety of publications,
including, for example, A. Gennaro (2000) “Remington: The
Science and Practice of Pharmacy,” 20th edition, Lippincott,
Williams, & Wilkins; Pharmaceutical Dosage Forms and
Drug Delivery Systems (1999) H. C. Ansel et al., eds., 7% ed.,
Lippincott, Williams, & Wilkins; and Handbook of Pharma-
ceutical Excipients (2000) A. H. Kibbe et al., eds., 3"/ ed.
Amer. Pharmaceutical Assoc.

The pharmaceutically acceptable excipients, such as
vehicles, adjuvants, carriers or diluents, are readily available
to the public. Moreover, pharmaceutically acceptable auxil-
iary substances, such as pH adjusting and buffering agents,
tonicity adjusting agents, stabilizers, wetting agents and the
like, are readily available to the public.

In an embodiment of the present disclosure, the a.7-selec-
tive partial agonist (e.g., DiMeOBA (GTS-21)) and the a432
partial agonist (e.g., varenicline), in combination or sepa-
rately, can be administered to the host using any means
capable of resulting in the desired eftect. Thus, the a7-selec-
tive partial agonist (e.g., DiMeOBA (GTS-21)) and the a432
partial agonist (e.g., varenicline), in combination or sepa-
rately, can be incorporated into a variety of formulations for
therapeutic administration. For example, the a7-selective
partial agonist (e.g., DiMeOBA (GTS-21)) and the a4f2
partial agonist (e.g., varenicline), in combination or sepa-
rately, can be formulated into pharmaceutical compositions
by combination with appropriate, pharmaceutically accept-
able carriers or diluents, and may be formulated into prepa-
rations in solid, semi-solid, liquid or gaseous forms, such as
tablets, capsules, powders, granules, ointments, solutions,
suppositories, injections, inhalants and aerosols.

In pharmaceutical dosage forms, the a7-selective partial
agonist (e.g., DiMeOBA (GTS-21)) and the a4p2 partial
agonist (e.g., varenicline), in combination or separately, may
be administered in the form of its pharmaceutically accept-
able salts, or a subject active agent may be used alone or in
appropriate association, as well as in combination, with other
pharmaceutically active compounds. The following methods
and excipients are merely exemplary and are in no way lim-
iting.

For oral preparations, the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be used alone
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or in combination with appropriate additives to make tablets,
powders, granules or capsules, for example, with conven-
tional additives, such as lactose, mannitol, corn starch or
potato starch; with binders, such as crystalline cellulose, cel-
Iulose derivatives, acacia, corn starch or gelatins; with disin-
tegrators, such as corn starch, potato starch or sodium car-
boxymethylcellulose; with lubricants, such as talc or
magnesium stearate; and if desired, with diluents, buffering
agents, moistening agents, preservatives and flavoring agents.

Embodiments of the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be formulated
into preparations for injection by dissolving, suspending or
emulsifying them in an aqueous or nonaqueous solvent, such
as vegetable or other similar oils, synthetic aliphatic acid
glycerides, esters of higher aliphatic acids or propylene gly-
col; and if desired, with conventional additives such as solu-
bilizers, isotonic agents, suspending agents, emulsifying
agents, stabilizers and preservatives.

Embodiments of the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be utilized in
aerosol formulation to be administered via inhalation.
Embodiments of the a.7-selective partial agonist (e.g., DiM-
eOBA (GTS-21)) and the a4p2 partial agonist (e.g., vareni-
cline), in combination or separately, can be formulated into
pressurized acceptable propellants such as dichlorodifluo-
romethane, propane, nitrogen and the like.

Furthermore, embodiments of the a7-selective partial ago-
nist (e.g., DIMeOBA (GTS-21)) and the a4p2 partial agonist
(e.g., varenicline), in combination or separately, can be made
into suppositories by mixing with a variety of bases such as
emulsifying bases or water-soluble bases. Embodiments of
the a7-selective partial agonist (e.g., DiMeOBA (GTS-21))
and the 04p2 partial agonist (e.g., varenicline), in combina-
tion or separately, can be administered rectally via a supposi-
tory. The suppository can include vehicles such as cocoa
butter, carbowaxes and polyethylene glycols, which melt at
body temperature, yet are solidified at room temperature.

Unit dosage forms for oral or rectal administration, such as
syrups, elixirs, and suspensions, may be provided wherein
each dosage unit, for example, teaspoonful, tablespoonful,
tablet or suppository, contains a predetermined amount of the
composition containing one or more inhibiting agents. Simi-
larly, unit dosage forms for injection or intravenous adminis-
tration may comprise the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, in a composition
as a solution in sterile water, normal saline or another phar-
maceutically acceptable carrier.

Embodiments of the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be formulated
in an injectable composition in accordance with the invention.
Typically, injectable compositions are prepared as liquid
solutions or suspensions; solid forms suitable for solution in,
or suspension in, liquid vehicles prior to injection may also be
prepared. The preparation may also be emulsified or the
active ingredient (triamino-pyridine derivative and/or the
labeled triamino-pyridine derivative) encapsulated in lipo-
some vehicles in accordance with the present disclosure.

In an embodiment, the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be formulated
for delivery by a continuous delivery system. The term “con-
tinuous delivery system” is used interchangeably herein with
“controlled delivery system” and encompasses continuous
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(e.g., controlled) delivery devices (e.g., pumps) in combina-
tion with catheters, injection devices, and the like, a wide
variety of which are known in the art.

Mechanical or electromechanical infusion pumps can also
be suitable for use with the present disclosure. Examples of
such devices include those described in, for example, U.S.
Pat. Nos. 4,692,147, 4,360,019, 4,487,603; 4,360,019, 4,725,
852; 5,820,589; 5,643,207; 6,198,966; and the like. In gen-
eral, delivery of the a7-selective partial agonist (e.g., DiM-
eOBA (GTS-21)) and the a4f2 partial agonist (e.g.,
varenicline), in combination or separately, can be accom-
plished using any of a variety of refillable, pump systems.
Pumps provide consistent, controlled release over time. In
some embodiments, the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be in a liquid
formulation in a drug-impermeable reservoir, and is delivered
in a continuous fashion to the individual.

In one embodiment, the drug delivery system is an at least
partially implantable device. The implantable device can be
implanted at any suitable implantation site using methods and
devices well known in the art. An implantation site is a site
within the body of a subject at which a drug delivery device is
introduced and positioned. Implantation sites include, but are
not necessarily limited to, a subdermal, subcutaneous, intra-
muscular, or other suitable site within a subject’s body. Sub-
cutaneous implantation sites are used in some embodiments
because of convenience in implantation and removal of the
drug delivery device.

Drug release devices suitable for use in the disclosure may
be based on any of a variety of modes of operation. For
example, the drug release device can be based upon a diffu-
sive system, a convective system, or an erodible system (e.g.,
an erosion-based system). For example, the drug release
device can be an electrochemical pump, osmotic pump, an
electroosmotic pump, a vapor pressure pump, or osmotic
bursting matrix, e.g., where the drug is incorporated into a
polymer and the polymer provides for release of drug formu-
lation concomitant with degradation of a drug-impregnated
polymeric material (e.g., a biodegradable, drug-impregnated
polymeric material). In other embodiments, the drug release
device is based upon an electrodiffusion system, an electro-
Iytic pump, an effervescent pump, a piezoelectric pump, a
hydrolytic system, etc.

Drug release devices based upon a mechanical or electro-
mechanical infusion pump can also be suitable for use with
the present disclosure. Examples of such devices include
those described in, for example, U.S. Pat. Nos. 4,692,147,
4,360,019, 4,487,603, 4,360,019; 4,725,852, and the like. In
general, a subject treatment method can be accomplished
using any of a variety of refillable, non-exchangeable pump
systems. Pumps and other convective systems are generally
preferred due to their generally more consistent, controlled
release over time. Osmotic pumps are used in some embodi-
ments due to their combined advantages of more consistent
controlled release and relatively small size (see, e.g., PCT
published application no. WO 97/27840 and U.S. Pat. Nos.
5,985,305 and 5,728,396). Exemplary osmotically-driven
devices suitable for use in the disclosure include, but are not

necessarily limited to, those described in U.S. Pat. Nos.
3,760,984; 3,845,770; 3,916,899; 3,923,426; 3,987,790,
3,995,631; 3,916,899; 4,016,880; 4,036,228; 4,111,202,
4,111,203; 4,203,440; 4,203,442; 4,210,139; 4,327,725,
4,627,850, 4,865,845; 5,057,318; 5,059,423; 5,112,614,
5,137,727, 5,234,692; 5,234,693, 5,728,396, and the like.

In some embodiments, the drug delivery device is an
implantable device. The drug delivery device can be
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implanted at any suitable implantation site using methods and
devices well known in the art. As noted herein, an implanta-
tion site is a site within the body of a subject at which a drug
delivery device is introduced and positioned. Implantation
sites include, but are not necessarily limited to a subdermal,
subcutaneous, intramuscular, or other suitable site within a
subject’s body.

In some embodiments, an active agent (e.g., the a7-selec-
tive partial agonist (e.g., DiMeOBA (GTS-21)) and the a432
partial agonist (e.g., varenicline), in combination or sepa-
rately,) can be delivered using an implantable drug delivery
system, e.g., a system that is programmable to provide for
administration of the agent. Exemplary programmable,
implantable systems include implantable infusion pumps.
Exemplary implantable infusion pumps, or devices useful in
connection with such pumps, are described in, for example,
U.S. Pat. Nos. 4,350,155, 5,443,450, 5,814,019; 5,976,109,
6,017,328, 6,171,276; 6,241,704, 6,464,687, 6,475,180; and
6,512,954, A further exemplary device that can be adapted for
the present disclosure is the Synchromed infusion pump
(Medtronic).

Suitable excipient vehicles for the a7-selective partial ago-
nist (e.g., DIMeOBA (GTS-21)) and the a4p2 partial agonist
(e.g., varenicline), in combination or separately, are, for
example, water, saline, dextrose, glycerol, ethanol, or the like,
and combinations thereof. In addition, if desired, the vehicle
may contain minor amounts of auxiliary substances such as
wetting or emulsifying agents or pH buffering agents. Meth-
ods of preparing such dosage forms are known, or will be
apparent upon consideration of this disclosure, to those
skilled in the art. See, e.g., Remington’s Pharmaceutical Sci-
ences, Mack Publishing Company, Easton, Pa., 17th edition,
1985. The composition or formulation to be administered
will, in any event, contain a quantity of the a7-selective
partial agonist (e.g., DiMeOBA (GTS-21)) and the a4f2
partial agonist (e.g., varenicline), in combination or sepa-
rately, adequate to achieve the desired state in the subject
being treated.

Compositions of the present disclosure can include those
that comprise a sustained-release or controlled release
matrix. In addition, embodiments of the present disclosure
can be used in conjunction with other treatments that use
sustained-release formulations. As used herein, a sustained-
release matrix is a matrix made of materials, usually poly-
mers, which are degradable by enzymatic or acid-based
hydrolysis or by dissolution. Once inserted into the body, the
matrix is acted upon by enzymes and body fluids. A sus-
tained-release matrix desirably is chosen from biocompatible
materials such as liposomes, polylactides (polylactic acid),
polyglycolide (polymer of glycolic acid), polylactide co-gly-
colide (copolymers of lactic acid and glycolic acid), polyan-
hydrides, poly(ortho)esters, polypeptides, hyaluronic acid,
collagen, chondroitin sulfate, carboxcylic acids, fatty acids,
phospholipids, polysaccharides, nucleic acids, polyamino
acids, amino acids such as phenylalanine, tyrosine, isoleu-
cine, polynucleotides, polyvinyl propylene, polyvinylpyr-
rolidone and silicone. Illustrative biodegradable matrices
include a polylactide matrix, a polyglycolide matrix, and a
polylactide co-glycolide (co-polymers of lactic acid and gly-
colic acid) matrix.

In another embodiment, the pharmaceutical composition
of the present disclosure (as well as combination composi-
tions) can be delivered in a controlled release system. For
example, the a7-selective partial agonist (e.g., DiMeOBA
(GTS-21)) and the a4p2 partial agonist (e.g., varenicline), in
combination or separately, may be administered using intra-
venous infusion, an implantable osmotic pump, a transdermal
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patch, liposomes, or other modes of administration. In one
embodiment, a pump may be used (Sefton (1987). CRC Crit.
Ref. Biomed. Eng. 14:201; Buchwald et al. (1980). Surgery
88:507; Saudek et al. (1989). N. Engl. J. Med. 321:574). In
another embodiment, polymeric materials are used. In yet
another embodiment a controlled release system is placed in
proximity of the therapeutic target thus requiring only a frac-
tion of the systemic dose. In yet another embodiment, a con-
trolled release system is placed in proximity of the therapeu-
tic target, thus requiring only a fraction of the systemic. Other
controlled release systems are discussed in the review by
Langer (1990). Science 249:1527-1533.

In another embodiment, the compositions of the present
disclosure (as well as combination compositions separately
or together) include those formed by impregnation of the
a7-selective partial agonist (e.g., DiMeOBA (GTS-21)) and
the 042 partial agonist (e.g., varenicline), in combination or
separately, described herein into absorptive materials, such as
sutures, bandages, and gauze, or coated onto the surface of
solid phase materials, such as surgical staples, zippers and
catheters to deliver the compositions. Other delivery systems
of'this type will be readily apparent to those skilled in the art
in view of the instant disclosure.

Dosages

Embodiments of the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be adminis-
tered to a hostin one or more doses. Those of skill will readily
appreciate that dose levels can vary as a function of the
specific the a7-selective partial agonist (e.g., DiMeOBA
(GTS-21)) and the a4p2 partial agonist (e.g., varenicline), in
combination or separately, administered, the severity of the
symptoms and the susceptibility of the subject to side effects.
Preferred dosages for a given compound are readily deter-
minable by those of skill in the art by a variety of means.

In an embodiment, multiple doses of the a7-selective par-
tial agonist (e.g., DiIMeOBA (GTS-21)) and the 42 partial
agonist (e.g., varenicline), in combination or separately, are
administered. The frequency of administration of t the a7-se-
lective partial agonist (e.g., DiMeOBA (GTS-21)) and the
a4p2 partial agonist (e.g., varenicline), in combination or
separately, can vary depending on any of a variety of factors,
e.g., severity of the symptoms, and the like. For example, in
an embodiment, the a7-selective partial agonist (e.g., DiM-
eOBA (GTS-21)) and the a4p2 partial agonist (e.g., vareni-
cline), in combination or separately, can be administered once
per month, twice per month, three times per month, every
other week (qow), once per week (qw), twice per week (biw),
three times per week (tiw), four times per week, five times per
week, six times per week, every other day (qod), daily (qd),
twice a day (qid), or three times a day (tid). As discussed
above, in an embodiment, the a7-selective partial agonist
(e.g., DiMeOBA (GTS-21)) and the a4f2 partial agonist
(e.g., varenicline), in combination or separately, is adminis-
tered continuously.

The duration of administration of the a7-selective partial
agonist (e.g., DiMeOBA (GTS-21)) and the a4p2 partial
agonist (e.g., varenicline), in combination or separately, e.g.,
the period of time over which the a.7-selective partial agonist
(e.g., DiMeOBA (GTS-21)) and the a4f2 partial agonist
(e.g., varenicline), in combination or separately, is adminis-
tered, can vary, depending on any of a variety of factors, e.g.,
patient response, etc. For example, the a7-selective partial
agonist (e.g., DiMeOBA (GTS-21)) and the a4p2 partial
agonist (e.g., varenicline), in combination or separately, can
be administered over a period of time of about one day to one
week, about two weeks to four weeks, about one month to two
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months, about two months to four months, about four months
to six months, about six months to eight months, about eight
months to 1 year, about 1 year to 2 years, or about 2 years to
4 years, or more.

Routes of Administration

Embodiments of the present disclosure provide methods
and compositions for the administration of the active agent
(e.g., the a7-selective partial agonist (e.g., DiMeOBA (GTS-
21)) and the 42 partial agonist (e.g., varenicline), in com-
bination or separately,) to a host (e.g., a human) using any
available method and route suitable for drug delivery, includ-
ing in vivo and ex vivo methods, as well as systemic and
localized routes of administration.

Routes of administration include intranasal, intramuscular,
intratracheal, subcutaneous, intradermal, topical application,
intravenous, rectal, nasal, oral, and other enteral and
parenteral routes of administration. Routes of administration
may be combined, if desired, or adjusted depending upon the
agent and/or the desired effect. An active agent (e.g., the
a7-selective partial agonist (e.g., DiMeOBA (GTS-21)) and
the a4p32 partial agonist (e.g., varenicline), in combination or
separately, ) can be administered in a single dose or in multiple
doses.

Embodiments of the a7-selective partial agonist (e.g.,
DiMeOBA (GTS-21)) and the a4p2 partial agonist (e.g.,
varenicline), in combination or separately, can be adminis-
tered to a host using available conventional methods and
routes suitable for delivery of conventional drugs, including
systemic or localized routes. In general, routes of administra-
tion contemplated by the disclosure include, but are not lim-
ited to, enteral, parenteral, or inhalational routes.

Parenteral routes of administration other than inhalation
administration include, but are not limited to, topical, trans-
dermal, subcutaneous, intramuscular, intraorbital, intracap-
sular, intraspinal, intrasternal, and intravenous routes, i.e.,
any route of administration other than through the alimentary
canal. Parenteral administration can be conducted to effect
systemic or local delivery of the a7-selective partial agonist
(e.g., DiMeOBA (GTS-21)) and the a4f2 partial agonist
(e.g., varenicline), in combination or separately. Where sys-
temic delivery is desired, administration typically involves
invasive or systemically absorbed topical or mucosal admin-
istration of pharmaceutical preparations.

The a-selective partial agonist (e.g., DiMeOBA (GTS-21))
and the 04p2 partial agonist (e.g., varenicline), in combina-
tion or separately, can also be delivered to the subject by
enteral administration. Enteral routes of administration
include, but are not limited to, oral and rectal (e.g., using a
suppository) delivery.

Methods of administration of the a7-selective partial ago-
nist (e.g., DIMeOBA (GTS-21)) and the a4p2 partial agonist
(e.g., varenicline), in combination or separately, through the
skin or mucosa include, but are not limited to, topical appli-
cation of a suitable pharmaceutical preparation, transdermal
transmission, injection and epidermal administration. For
transdermal transmission, absorption promoters or ionto-
phoresis are suitable methods. Iontophoretic transmission
may be accomplished using commercially available
“patches” that deliver their product continuously via electric
pulses through unbroken skin for periods of several days or
more.

While embodiments of the present disclosure are described
in connection with the Examples and the corresponding text
and figures, there is no intent to limit the disclosure to the
embodiments in these descriptions. On the contrary, the intent
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is to cover all alternatives, modifications, and equivalents
included within the spirit and scope of embodiments of the
present disclosure.

EXAMPLES
Example 1

Brief Introduction:

Nicotine binds to two primary types of nicotinic acetylcho-
line receptors (nAChR) in the brain. One type, a4p2*, is
associated with addiction and dependence. The other type,
a7, is not associated with nicotine addiction in normal indi-
viduals but has been shown to be decreased under stressful
conditions and to have diminished function in neuropsychi-
atric populations. Smoking is more common in people with
depression and other neuropsychiatric conditions than in the
general population. It is believed that for these individuals,
smoking is driven by a desire to self-medicate through the
stimulation of the diminished a7 receptors, as well as by the
changes in a4p2* receptors normally associated with nico-
tine dependence. The most recently developed approach for
helping people quit smoking has been to use a drug (vareni-
cline/Chantix) which is a weak stimulator of the a4p2*
receptors. Varenicline is believed to partially replace and
otherwise suppress the rewarding effects of nicotine mediated
by a4p2* receptors. However, varenicline will also further
decrease the function of a7 receptors in neuropsychiatric
patients. Reports of suicide and worsened depressions in
patients taking varenicline has led the FDA to issue a black
box warning on the drug. We have shown that DiMeOBA
(GTS-21)is a selective partial activator of a7 receptors. GTS-
21 is an approved drug for human studies and is currently in
clinical trials for schizophrenia. The core hypothesis is that
GTS-21, or a comparable a7-selective partial agonist would
be efficacious as an adjunct therapy to varenicline (or com-
parable a4f2 partial agonist), to lessen depression and
improve compliance for smoking cessation in a patient popu-
lation at high risk for depression or other neuropsychiatric
disorders. Another finding supporting this approach is that at
low concentration, bath applications of GTS-21 (or poten-
tially other weak a7-selective partial agonists) can potentiate
the ACh-evoked responses of a7 nAChR and would synergize
with 042 partial agonists to decrease the function of a42*
nAChR.

Discussion:
Nicotinic Acetylcholine Receptors and Nicotine Addiction

The mediators of nicotine’s cognitive and addictive effects
are nicotinic acetylcholine receptors (nAChR), ion channel
receptors normally activated by the neurotransmitter acetyl-
choline (ACh). All nAChRs are organized as pentameric
complexes. Those which contain five identical subunits are
classified as homomeric receptors. Heteromeric receptors
contain specialized alpha and non